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TECHNIQUE FOR EXTRACTING ARRAYED DATA

CLAIM OF PRIORITY

[0001] This application is a continuation of U.S. patent
application Ser. No. 10/430,664 filed on May 5, 2003, which
claims priority to U.S. Pat. App. No. 60/377,520, filed on
May 3, 2002, both of which are hereby fully incorporated by
reference.

SOFTWARE APPENDIX

[0002] A Software Appendix comprising four sheets is
included herewith.

FIELD OF THE INVENTION

[0003] The invention relates to a system and method for
characterizing output data from an arrayed platform, and
more specifically, arrays for characterizing biological mate-
rial, including genetic material.

BACKGROUND OF THE INVENTION

[0004] Arrayed platforms or arrays typically consist of an
arrangement of two or more detectors in one or more
dimensions. The detectors of such arrays output data that
may be monitored to observe various conditions of interest.
In particular, arrayed platforms with a plethora of detectors
may be useful in simultaneously monitoring a wide range of
conditions by providing many different detectors and/or by
utilizing numerous identical detectors for redundant mea-
surements. However, errors still occur when characterizing
data that is output from an array.

[0005] Most arrayed platforms suffer from background
noise and other interferences that distort or obscure the
output data resulting in erroneous measurements. This is
particularly the case where the intensity of the output from
each detector is close to or below the background noise
threshold.

[0006] One type of arrayed platform are microarrays
which typically comprise of a plurality of detectors (target
probes) to which biological matter, such as a sample of
genetic material (e.g., oligonucleotides, peptides, cDNA,
proteins, etc.) may hybridize in some fashion to complimen-
tary material. The genetic material used with typical
microarray experiments is often labeled using fluorescence,
chemiluminescence, bioluminescence, photoluminescence,
or some other spectral emitter. The presence of a spectral
emitter at a detector probe (also referred to herein as an
object of interest) suggests that hybridization has taken
place, and therefore, that the sample includes genetic mate-
rial corresponding to the detector. However, the background
noise on microarrays, label signals associated with non-
specific hybridization, poor resolution, and protocol varia-
tions, among other things, often distort the spectral output
and result in false negatives where an expressed hybridiza-
tion signal is not detected, and false positives, where noise,
platform defects, or other signals (such as non-specific
hybridization) are incorrectly determined to be signals asso-
ciated with hybridization.

[0007] The spectral intensity generated by a microarray is
detected using a scanner (e.g., laser scanner, CCD array) or
other detection device such as those sold by Axon, Affyme-
trix, Agilent and others. The detected spatial intensity is
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saved as a pixellated or raster output pattern data file
(referred to herein as an “output pattern”). Typically, these
images are saved in standard formats such as .jpg, .tif, gif,
etc. and may be analyzed using a variety of analysis pro-
grams. The output patterns comprise an array of contiguous
pixels that include both the pixellated intensity provided by
the detectors on the array as well as other portions of the
array within the total scan area of the scanner.

[0008] The total intensity emitted by an object of interest
(ie., a detector) within an output pattern is commonly
referred to as a “feature” or “spot”. One or more features or
spots may correspond to a specific gene that is being
detected or analyzed. This identification may occur by
parameterizing the spots, using spot size, spacing, layout,
packaging, distortion boundaries, etc.

[0009] Traditional microarray characterization techniques
analyze pixels associated with objects of interest, as well as
pixels associated with background noise on the microarray.
However, such techniques are imprecise and require the
analysis of large amounts of data that is not germane to the
microarray experiment. In addition, while some techniques
attempt to extract relevant information from an output
pattern, conventional systems often exclude pixels associ-
ated with an object of interest and/or include pixels associ-
ated with background results, resulting in inaccurate and
imprecise characterization (especially with regard to
microarrays used for weakly expressed gene detection and
gene quantitation). The imprecision in results becomes
worse for situations where (i) images are very noisy due to
instrument, coating, linker chemistry, or platform substrate
noise; (ii) images are noisy due to biological or assay noise;
(iii) the sample applied to the microarray is inadequately
labeled due to poor labeling efficacy; (iv) photo bleaching
effects; (v) imprecise and variations in spotting; (vi) labels
or dyes bleed through in images where multiple dye scan-
ning are used in connection with energy transfer dyes; and
(vii) the output patterns often do not have sufficient spatial
resolution to characterize each object of interest on an array.

[0010] Conventional techniques for spot extraction uti-
lized in hybridization images (microarrays, biochips and
protein arrays), include rectilinear scanning on regular grids
and the use of extraction masks. Rectilinear scanning refers
to a pixellated spot represented in Cartesian (X, y) coordinate
space. With this arrangement, the spot, covering mxn pixels,
is either traversed in x-direction, row-by-row for the
m-rows, or it is traversed in the y-direction for all the
n-columns. With extraction masks, a square, circular, ellip-
tical or polygonal mask is pre-designed as an extraction
template. A “set-intersection” with the pre-configured mask
is then performed to extract all the pixels that are contained
within the mask boundary. The mask application may be
preceded by an additional spot registration step that entails
sliding the mask around the centroid of the segmented object
to a position that minimizes the number of segmented pixels
that are outside the mask boundary. Alternatively, the seg-
mented object may be translated in a rectilinear or diagonal
direction to increase precision. While rectilinear scanning
and extraction masks provided an advantage over some
extraction techniques, there remains a need for an improved
system with increased precision that is adaptable to extrac-
tion non-standard spot sizes. In addition, there remains a
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need for an array analysis system that can provide enhanced
spatial resolution over output patterns generated by a scan-
ning/detection device.

[0011] Notwithstanding the above, arrayed platforms
remain a useful and promising technique for simultaneously
detecting multiple conditions of interest. Greater adoption of
arrays would occur if there was a system and method for
characterizing output patterns that was robust and repeat-
able. Accordingly, it will be appreciated that there remains
a need for an improved system for extracting information
relating to an object of interest within an array output pattern
and for enhancing the resolution of an array output pattern.
It is to these and other ends that aspects of the present
invention are primarily directed.

SUMMARY OF THE INVENTION

[0012] The invention is disclosed, in a technique for
characterizing information from a pixellated output pattern
of a microarray having one or more objects of interest. The
technique commences with the step of extracting pixels
within the output pattern representative of each object of
interest. Next, the intensity representation of the extracted
pixels are transformed to a spectral representation.

[0013] Insome embodiments, the step of transforming the
intensity representations of the extracted pixels is dependent
upon the expected signal level for each object of interest and
may be adjusted accordingly.

[0014] In some embodiments, the pixels are extracted
using a radial spiral transversal. With some arrangement the
radial spiral traversal originates at a centroid of each object
of interest and progresses outwardly and in other arrange-
ments the radial spiral traversal originates at a pre-deter-
mined distance -from the centroid. The radial spiral traversal
may terminate at a segment boundary pixel for each object
of interest, or the radial spiral traversal may terminate at a
pre-determined distance beyond a segment boundary for
each object of interest. In yet another embodiment, the radial
spiral traversal terminates at a pre-determined distance
before a segment boundary for each object of interest.

[0015] In yetother embodiments, the radial spiral traversal
converges inwardly toward a centroid of each object of
interest. With such arrangements, the radial spiral traversal
may terminate at the centroid for each object of interest, or
it may terminate at a pre-determined distance inside a
segment boundary for each object of interest. The radial
spiral traversal may originate on a segment boundary pixel,
at a pre-determined distance outside a segment boundary, or
within a segment boundary for each object of interest.

[0016] The use of logarithmic spirals are also disclosed to
extract pixels. In some embodiments, the logarithmic spiral
uses a tessellated extraction mask, which may comprise a
texture mask. A variety of texture masks may be used in
connection with the current invention including Bernoulli
spiral masks, logistique masks, Hirschom masks, Voderberg
masks, bent-wedge tile masks, kinked tile masks, rhomboi-
dal tile masks, triangular tile masks, equiangular spiral
masks, symmetric tessellation masks, asymmetric tessella-
tion masks, and spiral mirabilis masks.

[0017] The current invention also may adapt to differing
types of objects of interest. For example, the radial spiral
traversal for pixel extraction may be configured to extract
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pixels associated with objects of interest having varying
geometric sizes, pixels associated with objects of interest
distributed geometrically irregularly on the microarray, and
pixels associated with objects of interests having varying
geometric sizes and distributed geometrically irregularly on
the microarray.

[0018] Other types of pixel extraction techniques that may
be used in connection with the current invention include
degenerate logarithmic spiral masks, rectilinear masks, row-
major extraction, column-major extraction.

[0019] Insome variation of the preferred embodiment, the
characterization technique further comprises the step of
computationally re-scaling the extracted pixels to increase
spatial resolution of the extracted pixels prior to the step of
transformation the intensity representation. The computa-
tionally re-sampling the extracted pixels comprises may
result from the convolving of the extracted pixels with a
kernel, which may be a discretized kernel with coefficients
chosen from the groups comprising linear functions, non-
linear functions, and canonical kernel functions. In some
embodiments, the computational re-sampling of the
extracted pixels results from the product of a scalar dot
product with an affine transformation, or a linear function.
The spatial resolution may also be increased by convolution
of the extracted pixels with a canonical coefficient kernel
that yields two or more modified pixels for each extracted
pixel, or through the utilization of a cascade of computa-
tional convolutions with discretized canonical kernel func-
tions, with each successive convolution conducted on the
results of preceding convolution. Such convolution cascades
may be serial cascades, parallel cascades, or a a combination
of a serial cascade and a parallel cascade.

[0020] The output pattern that is characterized may com-
prise an array of spatially contiguous pixels. In such arrange-
ments, it is determined which pixels are representative of
each object of interest, or indicative of morphological rep-
resentation of an object of interest. Information-theory or
information measure may be used to determine which pixels
should be associated with an object of interest.

[0021] The invention discloses the use of the step trans-
forming the domain of the extracted pixels from spatial
intensity to spatial frequency. This transformation may occur
through a Fourier transform, such as a Fast Fourier Trans-
form, or a Discrete Fourier Transform. Once the domain has
been transformed to a spatial representation, a spectral
vector representing the transformed object may be parti-
tioned into overlapping, or non-overlapping subvectors prior
to convolving with discretized coefficients of a function. The
power spectral density may be estimated from the spectral
representation of the extracted pixels. In some embodiments,
a spectrally transformed vector is decomposed into subvec-
tors associated with an object of interest, where each sub-
vector is convolved with a resolution enhancement kernel
and synthetically resampled. The post-convolution compu-
tationally re-sampled transformed spectral subvectors may
then be combined to yield a single spectral vector.

[0022] Insome embodiments of the current invention, the
technique further includes the step of decomposing the
extracted pixels into a set of discrete extracted objects,
where each discrete extracted object is transformed into a
spectral representation. In other embodiments, the technique
removes pixels that do not pertain to an object of interest
prior to the pixel extraction step.
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[0023] The invention also discloses the use of a logarith-
mic spiral to estimate a local background of an object of
interest

[0024] A wide variety of arrays may be utilized with
respect to the current invention, including arrays such as
hybridized spotted ¢cDNA microarrays, synthesized oligo-
nucleotide arrays, spotted oligonucleotide arrays, peptide
nucleotide assays, single nucleotide polymorphism (SNP)
arrays, carbohydrate arrays, glycoprotein arrays,. protein
arrays, proteomic arrays, tissue arrays, antibody arrays,
antigen arrays, bioassays, sequencing microarrays, sequenc-
ing by hybridization (SBH) microarrays, siRNA duplexes,
RNAI arrays glass-based arrays, nylon membrane arrays,
thin film arrays, polymer-substrate arrays, capillary electro-
phoresis arrays, genospectral arrays, electronic arrays, bead
arrays, quantum dot arrays, and gylcan arrays. Such arrays
may include emitters including: fluorescence, chemilumi-
nescence, bioluminescence, and photoluminescence.

[0025] In order to facilitate the approximate location of
objects of interest, the technique includes the step of regis-
tering and/or segmenting the pixels within the output pattern
to approximate the location of the objects of interest.

[0026] In some analysis techniques, it may also be desir-
able to adjust the contrast of the output pattern. The inven-
tion describes a variety of contrast filters including Gabor
filters, low-pass band-pass filters, high-pass band-pass fil-
ters, edge detection operators, Laplacian filters, gradient-
focusing filters.

[0027] Another specific method is disclosed which may be
utilized to characterize information from a pixellated
microarray output pattern. This method includes the steps of
segmenting the output pattern to approximate the locations
of the objects of interest within the output pattern; filtering
the segmented output pattern to enhance the contrast;
extracting a core of pixels associated with each object of
interest; resampling the extracted core pixels to enhance
spatial resolution; transforming the representation of the
resampled extracted core pixels from the intensity domain to
the spectral domain; convolving the transformed spectral
domain resampled extracted core pixels with a kernel; and
estimating the power spectral density from the convolved
transformed spectral domain resampled extracted core pix-
els.

[0028] The current invention is also embodied in a com-
puter code product that characterizes information from a
pixellated output pattern of microarray that represents one or
more objects of interest, The computer code product
includes computer code that extracts spatial data elements
within the output pattern representative of each object of
interest; and computer code that transforms the intensity
representation of the extracted pixels to a spectral represen-
tation

[0029] The current invention is also disclosed in a com-
puter system for characterizing information from a pixel-
lated output pattern of a microarray representing one or
more objects of interest. The computer system includes a
processor and a memory coupled to said processor. The
memory is configured to encode one or more programs that
may perform the steps of: extracting spatial data elements
within the output pattern representative of each object of
interest; and transforming the intensity representation of the
extracted pixels to a spectral representation.
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[0030] In yet another embodiment, a system for analyzing
an output pattern of an array of detectors, each detector
representing one or more objects of interest is disclosed.
This system includes means for extracting spatial data
elements within the output pattern representative of each
object of interest; and means for transforming the intensity
representation of the extracted pixels to a spectral represen-
tation.

[0031] The current invention is also disclosed as an article
of manufacture, made by a method for characterizing infor-
mation from a pixellated output pattern of an array of
detectors, each detector representing one or more objects of
interest. The method includes the steps of extracting spatial
data elements within the output pattern representative of
each object of interest; and transforming the intensity rep-
resentation of the extracted pixels to a spectral representa-
tion.

[0032] As can be appreciated, a wide range of embodi-
ments are consistent with the general principles of the
invention.

DESCRIPTION OF THE ACCOMPANYING
FIGURES

[0033] FIG. 1 illustrates a flowchart providing an over-
view of the preferred embodiment of the invention;

[0034] FIG. 2 illustrates a more detailed version of the
flowchart of FIG. 1 including variations found in additional
embodiments;

[0035] FIG. 3 illustrates a section of an output pattern
featuring two objects of interest;

[0036] FIG. 4 illustrates a circular segmentation of the
output pattern of FIG. 3;

[0037] FIG. 5 illustrates an exemplary extraction tech-
nique based on spiral unwrapping;

[0038] FIG. 6(a) illustrates an exemplary logarithmic
spiral trajectory overlaid on a pixellated grid;

[0039] FIG. 6(b) illustrates the ordering of the pixels as
traversed in FIG. 6(q);

[0040] FIG. 7 illustrates the segmented progression of a
spiral trajectory;

[0041] FIG. 8(a) illustrates a sample logarithmic spiral
with a pre-defined parametric constant a having a value of
0.15;

[0042] FIG. 8(b) illustrates a sample logarithmic spiral
with a pre-defined parametric constant a having a value of
0.17,

[0043] FIG. 8(c) illustrates a sample logarithmic spiral
with a pre-defined parametric constant a having a value of
0.25;

[0044] FIG. 9(a) illustrates a single object of interest
overlaid on a grid;

[0045] FIG. 9(b) illustrates a first embodiment of a tes-
sellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;
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[0046] FIG. 9(c) illustrates a first embodiment of a tes-
sellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0047] FIG. 10(a) illustrates a second embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0048] FIG. 10(b) illustrates a second embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0049] FIG. 11(a) illustrates a third embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0050] FIG. 11(b) illustrates a third embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0051] FIG. 12(a) illustrates a fourth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0052] FIG. 12(b) illustrates a fourth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0053] FIG. 13(a) illustrates a fifth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0054] FIG. 13(b) illustrates a fifth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0055] FIG. 14(a) illustrates a sixth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0056] FIG. 14(b) illustrates a sixth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0057] FIG. 15(a) illustrates a seventh embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0058] FIG. 15(b) illustrates a seventh embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0059] FIG. 16(a) illustrates an eighth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;
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[0060] FIG. 16(b) illustrates an eighth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0061] FIG. 17(a) illustrates a ninth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0062] FIG. 17(b) illustrates a ninth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0063] FIG. 18(a) illustrates a tenth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0064] FIG. 18(b) illustrates a tenth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0065] FIG. 19(a) illustrates an eleventh embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0066] FIG. 19(b) illustrates a eleventh embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0067] FIG. 20(a) illustrates a twelfth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0068] FIG. 20(b) illustrates a twelfth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0069] FIG. 21(«a) illustrates a thirteenth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0070] FIG. 21(b) illustrates a thirteenth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0071] FIG. 22(a) illustrates a fourteenth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0072] FIG. 22()) illustrates a fourteenth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0073] FIG. 23(a) illustrates a fifteenth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;
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[0074] FIG. 23()) illustrates a fifteenth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0075] FIG. 24(a) illustrates a sixteenth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0076] FIG. 24(b) illustrates a sixteenth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0077] FIG. 25(a) illustrates a seventeenth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0078] FIG. 25(D) illustrates a seventeenth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0079] FIG. 26(a) illustrates an eighteenth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0080] FIG. 26(D) illustrates an eighteenth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0081] FIG. 27(a) illustrates a nineteenth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0082] FIG. 27(b) illustrates a nineteenth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0083] FIG. 28(a) illustrates an exemplary Voderberg
spiral extraction mask;

[0084] FIG. 28(b) illustrates a twentieth embodiment of a
tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0085] FIG. 28(c) illustrates a twentieth embodiment of a
tessellated spiral extraction ask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0086] FIG.29(a) illustrates a twenty-first embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0087] FIG. 29(b) illustrates a twenty-first embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0088] FIG. 30(a) illustrates a twenty-second embodi-
ment of a tessellated spiral extraction mask overlaying an
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object of interest with outward radial progression commenc-
ing from the centroid of the object of interest;

[0089] FIG. 30(b) illustrates a twenty-second embodi-
ment of a tessellated spiral extraction mask overlaying an
object of interest with inward radial progression commenc-
ing from a boundary point of the object of interest;

[0090] FIG. 31(a) illustrates a twenty-third embodiment
of a tessellated spiral extraction mask overlaying an object
of interest with outward radial progression commencing
from the centroid of the object of interest;

[0091] FIG. 31(b) illustrates a twenty-third embodiment
of a tessellated spiral extraction mask overlaying an object
of interest with inward radial progression commencing from
a boundary point of the object of interest;

[0092] FIG. 32(a) illustrates a twenty-fourth embodiment
of a tessellated spiral extraction mask overlaying an object
of interest with outward radial progression commencing
from the centroid of the object of interest;

[0093] FIG. 32(b) illustrates a twenty-fourth embodiment
of a tessellated spiral extraction mask overlaying an object
of interest with inward radial progression commencing from
a boundary point of the object of interest;

[0094] FIG. 33(a) illustrates a twenty-fifth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with outward radial progression commencing from
the centroid of the object of interest;

[0095] FIG. 33(D) illustrates a twenty-fifth embodiment of
a tessellated spiral extraction mask overlaying an object of
interest with inward radial progression commencing from a
boundary point of the object of interest;

[0096] FIG. 34(a) illustrates a twenty-sixth embodiment
of a tessellated spiral extraction mask overlaying an object
of interest with outward radial progression commencing
from the centroid of the object of interest;

[0097] FIG. 34(b) illustrates a twenty- sixth embodiment
of a tessellated spiral extraction mask overlaying an object
of interest with inward radial progression commencing from
a boundary point of the object of interest;

[0098] FIG. 35(a) illustrates a twenty-seventh embodi-
ment of a tessellated spiral extraction mask overlaying an
object of interest with outward radial progression commenc-
ing from the centroid of the object of interest;

[0099] FIG. 35(b) illustrates a twenty- seventh embodi-
ment of a tessellated spiral extraction mask overlaying an
object of interest with inward radial progression commenc-
ing from a boundary point of the object of interest;

[0100] FIG. 36(a) illustrates a twenty-eighth embodiment
of a tessellated spiral extraction mask overlaying an object
of interest with outward radial progression commencing
from the centroid of the object of interest;

[0101] FIG. 36(b) illustrates a twenty-eighth embodiment
of a tessellated spiral extraction mask overlaying an object
of interest with inward radial progression commencing from
a boundary point of the object of interest;

[0102] FIG. 37 illustrates signal degradation across mul-
tiple fluorescence-based output patterns of identical cDNA
arrays hybridized with a serially diluted sample;
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[0103] FIG. 38 illustrates an array from FIG. 37 where
the sample applied to the cDNA has a concentration of 100
ug, an enlargement of an object of interest from the array, a
re-sampled representation of the object of interest; and a
three-dimensional intensity representation of the re-sampled
object of interest.

[0104] FIG. 39 illustrates an array from FIG. 37 where
the sample applied to the cDNA has a concentration of 10
ug, an enlargement of an object of interest from the array, a
re-sampled representation of the object of interest; and a
three-dimensional intensity representation of the re-sampled
object of interest.

[0105] FIG. 40 illustrates an array from FIG. 37 where
the sample applied to the cDNA has a concentration of 1 ug,
an enlargement of an object of interest from the array, a
re-sampled representation of the object of interest; and a
three-dimensional intensity representation of the re-sampled
object of interest.

[0106] FIG. 41 illustrates an array from FIG. 37 where
the sample applied to the cDNA has a concentration of 100
ng, an enlargement of an object of interest from the array, a
re-sampled representation of the object of interest; and a
three-dimensional intensity representation of the re-sampled
object of interest

[0107] FIG. 42 illustrates an array from FIG. 37 where
the sample applied to the cDNA has a concentration of 10
ng, an enlargement of an object of interest from the array, a
re-sampled representation of the object of interest; and a
three-dimensional intensity representation of the re-sampled
object of interest.

[0108] FIG. 43 illustrates an array from FIG. 37 where
the sample applied to the cDNA has a concentration of 1 ng,
an enlargement of an object of interest from the array, a
re-sampled representation of the object of interest; and a
three-dimensional intensity representation of the re-sampled
object of interest.

[0109] FIG. 44 illustrates an exemplary intensity distri-
bution of extracted core pixels;

[0110] FIG. 45 illustrates an exemplary intensity distri-
bution of pixels within the output pattern that are not
associated with an object of interest;

[0111] FIG. 46 illustrates an exemplary power spectral
density representation of extracted core pixels and adjacent
pixels not associated with an object of interest;

[0112] FIG. 47 illustrates the extracted core, pixels not
associated with the object of interest, and the power spectral
density for the objects of interest shown in FIG. 3.

[0113] FIG. 48 illustrates a row major extraction of pixels
relating to the hybridization of a single serially diluted gene,
represented by multiple objects of interest, using a synthe-
sized oligonucleotide microarray;

[0114] FIG. 49 illustrates a column major extraction of
pixels relating to the hybridization of a single serially diluted
gene, represented by multiple objects of interest, using a
synthesized oligonucleotide microarray;

[0115] FIG. 50 illustrates a flowchart for transforming an
object of interest to a spectral representation by decompos-
ing the extracted core into sub-cores and individually trans-
forming them;
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DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0116] With reference to the figures, exemplary embodi-
ments of the invention will now be described. The current
invention is embodied in a technique for characterizing
output data from an arrayed platform. While the invention is
primarily described in connection with genomic microar-
rays, biochips and protein arrays, it will be appreciated by
one of the ordinary skill in the art that the invention may be
used in connection with a wide variety of arrayed platforms
of detectors, including detectors for characterizing biologi-
cal materials and other applications. It will also be appre-
ciated that while the current invention is primarily described
as a method, it may also be embodied in system comprising
a computer processor and a memory coupled to the proces-
sor, where the memory is encoded with one or more pro-
grams that may perform the methods disclosed herein. One
of ordinary skill in the art will also appreciate that the
invention may also be embodied in an enhanced output
pattern (which is an article of manufacture) that is the result
of the techniques described herein.

[0117] With reference to FIG. 1, the preferred embodi-
ment of the current invention describes a method and system
for extracting a core of pixels relating to an object of interest
110 within an array output pattern 100, and then transform-
ing the domain of the extracted core from the spatial domain
to the spectral domain 200. In other embodiments as shown
collectively in FIG. 2, the output pattern 200 is first regis-
tered 205, or segmented 210, or segmented 215 then regis-
tered 220, to provide an approximate location for each object
of interest within the output pattern. A contrast enhancement
filter 230 (which may be in addition to the previous seg-
mentation filtering 210, 215) is then applied to the output
pattern to enhance the contrast of the output pattern prior to
extraction of the core 240. In some embodiments, the
extracted core is computationally (or synthetically)
re-sampled to increase spatial resolution 250. The domain of
the extracted core is then transformed into the spectral
domain 260 followed by a convolution with a kernel 270,
such as a resolution enhancement kernel. The last step
consists of estimating the power spectral density (PSD) from
the spectral components of the transformed core 280. The
resulting data may then be used to characterize events on the
microarray.

[0118] In an exemplary embodiment, the arrayed platform
comprises an array of detectors or probes labeled with
spectral emitting dyes (each referred to herein as an object
of interest) useful in characterizing labeled genetic material
within a sample (a microarray). The probes, sample or both
may be pre-labeled. Preferably, the genetic material being
analyzed is labeled using traditional techniques and dyes
that may be detecting using fluorescence, chemiluminis-
cence, bioluminescence, and photoluminescence imaging
modalities. Sample arrays include hybridized spotted cDNA
microarrays, synthesized oligonucleotide arrays, spotted oli-
gonucleotide arrays, peptide nucleotide assays, single nucle-
otide polymorphism (SNP) arrays, carbohydrate arrays, gly-
coprotein arrays, protein arrays, proteomic arrays, tissue
arrays, antibody arrays, antigen arrays, bioassays, sequenc-
ing microarrays, sequencing by hybridization (SBH)
microarrays, siRNA duplexes, RNAi arrays, glass-based
arrays, nylon membrane arrays, thin film arrays, polymer-
substrate arrays, capillary electrophoresis arrays, genospec-
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tral arrays, electronic arrays, bead arrays, quantum dot
arrays, glycan arrays as well as any other arrays that are
indicative of binding phenomenology and provide an output
in a spectral regime.

[0119] The current invention relates to the analysis and
characterization of a microarray output pattern. An output
pattern is first examined to identify those pixels within the
output pattern that correspond to objects of interest (this
process is also known as registration). For example, see
FIG. 3 which includes a portion of an output pattern 300
which includes two objects of interest 310, 320. In one
embodiment, a grid is provided that identifies the location of
the objects of interest within the output pattern. This grid is
typically generated by the instrumentation software utilized
to generate the objects of interest (e.g., for microarrays, it
may be the spotter). Most grids will provide information to
facilitate the identification of some or all of the total number
of objects of interest that are present, including the sizes of
each object of interest, their spatial distribution, and the
center points associated with the objects of interest. Graph
isomorphism algorithmic techniques may also be utilized to
register objects of interest to accommodate distortions in the
output pattern.

[0120] In other embodiments, registration may occur
using only information contained within the output pattern.
For example, the output pattern may include explicit grid
alignment controls/indicators present on the arrayed plat-
form to facilitate the definition of corners, boundaries and
guide points within the output pattern. By geo-referencing
the grid alignment controls of the image, all objects of
interest may be segmented. In other variations, registration
takes place without any apriori information regarding the
array by associating pixels within the output pattern to
expected spot sizes, locations, geometric constraints, and
other features of the array.

[0121] In output patterns where multiple dyes or multiple
imaging modalities are employed, registration acts to cor-
relate the differing modalities. For example cDNA arrays use
Cy3 and Cy5 (two color dyes) as indicators of hybridization
in differentially labeled samples, and as a result, two differ-
ent output patterns are generated for two spectral dimen-
sions. With such multiple dye arrangements, registration
also correlates two different spots within the two images that
represent the same physical detector probe location. Prefer-
ably, spatial overlaying, graph isomorphisms, sub-graph
isomorphisms and polarization filters are used to overlay and
register different images, and correct for local distortion
effects.

[0122] Insome embodiments, the current invention relates
to the analysis of microarrays to detect the presence of genes
and their respective expression levels. Such microarrays
may include objects of interest such as genomic detectors
including oligonucleotide, cDNA, RNA, and the output
pattern represents the imaged intensity at the objects of
interest on the microarray. Within the output pattern, the
current invention also identifies pixels that are representative
of each object of interest including their morphological
representations and morphological invariants as related to
the cumulative effects from source such as the substrate,
probe type, microarray printing instrumentation, bioassay,
and scanning instrumentation.

[0123] As described above, information from the instru-
ment that created the array may be used as a guide such as
spotter/genomic printer/arrayer layout files, spotter pin-head
information, lithography masks, and mask generation files.
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In embodiments where output pattern is a representation of
a capillary electrophoresis-based imaging array, the posi-
tioning, dimensions, and inter spacing of the capillary tubes,
provide guiding information for downstream detection of
post-hybridization intensity originating from a specific
genomic element. Accordingly, prior to analysis, the pixels
generally corresponding to objects of interest within the
output pattern are identified through expected pre-deter-
mined properties.

[0124] If it is determined that the output pattern does not
have sufficient contrast to identify pixels associated with an
object of interest, various types of filters may be applied to
the image. Such contrast enhancement may be useful in
defining boundaries for the various objects of interest, to
distinguish them from the background, that may then be
used for generating segmentation contours. One embodi-
ment convolves the output pattern with a Gabor filter, and
more specifically with a set of two-dimensional Gabor
filters.

[0125] The output pattern I, (X,¥), X, y €2 where Q
denotes a set of image points is convolved with a two-
dimensional Gabor function

gxy), Xy €Q,

[0126] to obtain a Gabor feature image r(x,y) as follows:

rx. y) = f f 1€, mgtx €, y - pdédn
O

[0127] One family of Gabor functions that may be used
with the current invention is described below. The standard
deviation a of the Gaussian factor determines the effective
size of the surrounding of a pixel in which weighted sum-
mation takes place. The eccentricity of the Gaussian and
herewith the eccentricity of the convolution kernel g is
determined by the parameter vy, called the spatial aspect ratio.
Preferably, a value of y=0.5 is used, although one of ordinary
skill in the art will recognize that the spatial aspect ratio may
be modified pursuant to the output pattern being character-
ized.

[0128] Pixels within the resulting convolved output pat-
tern associated with an object of interest may then be
extracted with a standard kernel convolution process. The
extraction of such pixels progresses until a pre-defined
condition is met indicating that the extraction is complete for
a particular object of interest (i.e. a boundary condition). A
standard edge detect kernel such as sobel operator may be
used to generate edges that demarcate the pixels associated
with an object of interest from pixels associated with the
background. With some output patterns, it may be desirable
to enhance the contrast therein. Alternative filtering tech-
niques to Gabor filters that may be used with the current
invention include: (i) low-pass/high-pass, band-pass filters;
(i) predetermined operators such as edge detection opera-
tors; (iii) Laplacian filters; and (iv) gradient-focusing filters.

[0129] Once the objects of interest are located, the current
invention then optimally associates pixels with each object
of interest to define an “extraction core” or “core”. For gene
hybridization analysis the extraction core denotes the pixels
that will be associated with an object of interest (ie., a
specific gene for genomic microarrays). All downstream
decisions for detecting the absence or presence of an object
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of interest (e.g., gene), will be made based on this informa-
tion contained within the core pixels as a starting basis. The
parameters for defining a core may be:

[0130] (i) supplied by the user as expectation parameters.
For example, in some embodiments the user provides his
expectation of spot geometry, inter-spot spacing, spot diam-
eter explicitly in terms of images pixels; or

[0131] (ii) provided by the instrumentation used to gen-
erate the array (i.e., spotter files, lithographic mask infor-
mation). The resolution of the output pattern may also be
utilized in combination with the spatial data to determine the
optimal number of pixels to define the core. The scanning
resolution (expressed in pixels terms -1 micron x1 micron
pixel) is mapped to the feature size setting used by the
spotter (expressed as 50 micron features or 18 micron
features). This information is used to determine the number
of pixels in the output image that capture an object of
interest. Depending on the scanning resolution this may
range from a single pixel to 10s or 1000s of pixels;

[0132] (iii) estimated using information-theoretic compu-
tations, if information regarding the core locations are
unavailable. For example, an entropy map is generated
based on intensity gradients computed over the entire image.
A sstandard (3x3, 5x5, or NxN) sliding circular, polygonal or
rectangular detection kernel is then applied to the entire
image within the output pattern. The dimension N is so
chosen to cover the largest expected spot or feature. The
kernel application partitions or segments the image. An
information entropy map is then computed based on the
distance between extracted core geometry and the seg-
mented feature. The arrayed image is then further segmented
into regions with similar entropy distribution.

[0133] In some embodiments, a spatial filter is re-applied
to the segmented objects (based on similar entropy mea-
sure), based on the array generation instrumentation con-
figuration (i.e., spotter/pin head geometry) to then extract
pixels associated with objects of interest. This arrangement
requires an entropy map to be pre-computed for the objects
of interest and then parameterized to accommodate variation
due to artifacts and noise. This extraction process requires
copying the core pixels (i.c., the pixels associated with a
likely object of interest) to a data structure that can index to
all the objects (denoting hybridized genes) associated with
the array.

[0134] Once the core for each object of interest is identi-
fied, the segmented pixels associated with each such core are
extracted. Once extracted, the segmented core pixels are
used to populate a machine readable, data structure indexing
the entire collection of objects of interest. Thereafter, the
populated data structure is used to generate the modified
output pattern comprising of the extracted pixels. The core
extraction process is equivalent to deconstruction of the
entire output array with mxn (denoted by I,) pixels into a
data structure that captures only the spatial intensities of the
relevant objects and has pixels totaling

=2 Zily

[0135] where j denotes the total number of objects of
interest (e.g., pre-synthesized probes) on the array, and 1,
denotes the number of extracted pixels associate with the
k-th feature of each object of interest. Also, k denotes the
number of features encoding for object of interest i.
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[0136] Also, I,<I,.

[0137] The current invention utilizes customized sophis-
ticated traversal to compensate for sources of errors
described above, all of which tend to reduce the signal
ultimately present in the output pattern and/or increase the
background noise or blur the boundary between the object of
interest and background. As used herein, the term traversal
refers to the process of how the segmented pixels associated
with an object of interest are scanned by the algorithm for
purposes of extracting and analyzing the core pixels (i.e., a
hybridized spot). It is assumed that in images with low
signal-to-noise (SNR) and signal-to-clutter ratio (SCR), or
poor contrast, or saturation effects, segmentation will be
imprecise and will necessarily include background pixels or
exclude core pixels. As it is often difficult to predetermine
the SNR or SCR without analyzing the entire image, or to
identify those spots that have been degraded, the current
invention assumes all images and all spots to be susceptible
to suboptimal segmentation (as show in FIG. 4 where
objects of interest 310 and 320 are respectively segmented
by circles 330 and 340 which include both pixels associated
with the objects of interest and with the background and do
not encircle all pixels associated with the objects of interest).
Further, core extraction and an advanced adaptive core
extraction are used to compensate for limited segmentation.

[0138] In contrast to conventional microarray output
analysis techniques, the pixels (which may be segmented)
associated with the object of interest within the output
pattern are spirally extracted to create a modified output
pattern that primarily consists of those extracted pixels
relating to objects of interest. For example, see FIG. 5 which
illustrates 500 a spiral extraction 510 which as it traverses
outwardly, increases the number of extracted pixels 520,
530, 540, 550. Unlike circular and rectilinear extraction
techniques that limit the core size, spiral extraction is
inherently adaptive and can accommodate varying core sizes
(as shown in FIGS. 5 and 6).

[0139] In some embodiments, as illustrated in FIG. 6(a),
the spiral extraction preferably uses spiral traversal 620
originating at center of the object of interest 620 (when
known) which traverses outwardly 640 (as overlaid on grid
610), and in other embodiments an inward radial spiral
traversal is utilized. As a further example, as illustrated in
FIG. 6(b), a spiral transversal 670 overlaid on a grid 660
traverses outwardly from a centroid 675 to generate a
sequence of extracted pixels 680. Spiral extractions are
further illustrated in FIG. 7 which demonstrates a progres-
sion of an outward spiral transversal 700, to computationally
generate a series of segments 720 between extracted pixels.
In addition, other variations of spiral extraction may be
utilized such as outward and inward polygonal spiral trans-
versals. The preferred method of extraction is logarithmic
spiral extraction.

[0140] With reference to FIGS. 8(a)-8(c), examples of
outward logarithmic spiral traversals for extraction of
images with varying parametric constants are illustrated.
Each logarithmic spiral example 800, 840, 880 includes a
spiral 820, 860, 890 overlaid on a grid 810, 840, 885 that
traverses outwardly 830, 870, 895. The equation for the
logarithmic spiral curve in polar coordinates is given by
R=ae"®

[0141] where r is the distance from the centroid, 8 is the
angle from the x-axis, and a and b are arbitrary parametric
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constants spiral curvature and modulation (as show in FIGS.
8(a)-8(c)). The logarithmic. spiral family is also known as
the growth spiral, equiangular spiral, and spiral mirabilis,
and can be expressed parametrically as

x=r cos O=a cos 0™
y=r sin O=a sin 0.

[0142] With reference to FIGS. 6(a) and 7 a graphical
representation of an exemplary logarithmic spiral is illus-
trated. The logarithmic spiral may be constructed from
equally spaced rays (straight lines intersecting two prede-
termined Cartesian coordinates) by starting at a point along
one ray, and drawing the next ray perpendicular to a neigh-
boring ray. As the number of rays approach infinity, the
sequence of segments approaches a logarithmic spiral.
Therefore a logarithmic spiral (also referred to as an equi-
angular spiral) is defined as a spiral that forms a constant
angle between a line from the origin to any point on the
curve and the angle of the tangent line at that point and its
tangent is equal to the original angle. The family of equi-
angular spirals (including the Bernoulli spiral and logis-
tique) are defined as spirals with a monotonic curve that cuts
all radii vectors at a constant angle. The inverse of these
spirals is also the same spiral. So the inverse spiral of an
equiangular spiral defines an extraction trajectory to be
implemented for adaptively extracting the segmented object
of interest.

[0143] One equation for the rate of change of radius, for
a spiral described by

r=e®

[0144] is given by

d
dT; = abe®® = br,

[0145] and the angle between the tangent and radial line at
the point (,0) is computed using:

[0146] So, as b—0, y—>m/2 the spiral approaches a circle.
A circle is also represented as a spiral for which the radius
grows exponentially with the angle in the case of logarith-
mic spirals. The distances where a radius from the origin
meets the curve are in geometric progression.

[0147] The arc length (s), curvature (x), and tangential
angle (¢) of the logarithmic spiral are computed using

av1l+b2

S=T(€ -1
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-continued

$=0.

[0148] With reference to FIG. 6(b), the morphing of a
spiral trajectory to a circular trajectory as defined above is
illustrated. At any extraction point the spiral and circular
extractions are interchangeable. This is particularly impor-
tant for implementing the extraction trajectory using a
computer. Also, this behavior in the limit condition provides
a mechanism for accurately extracting perfect or near-
perfect circular cores using spiral extraction algorithms.

[0149] The parametric equations of a curve (f(t), g(t)) with
radial point (X,, ¥,) and parameterized by a variable t are
given by

g +eh
TR T ey
U+ g
YEN ey

[0150] Derivatives are then taken with respect to the
parameter t.

[0151] The current invention accommodates the extraction
of objects of interest that are distributed geometrically
irregular on the array. The output image deconstruction step,
implemented via core extraction obviates the requirement
for image geometry or distribution patterns. For example,
when the boundaries of the objects of interest to be extracted
have been pre-segmented, and the segmented objects have
been registered and enumerated explicitly, the extraction
algorithm traverses the object of interest in a spiral trajectory
(outward logarithmic spiral or inward). This results in a
linear vector of extracted pixels. As illustrated in FIGS.
9-37, cores may be designed to be mapped to numerous
types of spirals with differing geometric properties. Differ-
ent spirals can encode for different spatial statistics of the
core. Also, each core could be extracted using a different
type of spiral. Each of such spirals has an equation driving
its creation (as exemplified in computer modeling applica-
tions). The inverse spiral then defines the extraction trajec-
tory for core extraction in this method. The generator
equation of the inverse spiral provides the trajectory to be
traversed. Traversing a spiral trajectory implies the process
of computationally traversing the object pixels to copy them
to an object centric data structure for subsequent computa-
tional analysis.

[0152] With reference to FIGS. 9(a)-9(c), an embodiment
of a spiral extraction is illustrated with radial tilings. FIG.
9(a) illustrates an object of interest 910 overlaid on a
pixellated grid 910 within a section of fluorescently labeled
hybridized image obtained from a microarray output pattern
generated using a confocal laser scanner operating at a
specific wavelength and photomultiplier tube setting. The
object of interest in the foreground of the output pattern can
be extracted, as shown in FIG. 9(b) using an outward radial
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spiral extraction mask 920 with sectors of tessellated tri-
angles converging at the centroid of the object of interest
that traverse outwardly 930. FIG. 9(c) illustrates the extrac-
tion of the same segmented core extraction using the same
radial spiral extraction mask 940 with inward progression
that commences at any point on the segmented boundary or
at the spiral mask template that traverses inwardly 950. All
the sector extractions can be used for further processing or
a plurality of sectors may be used.

[0153] With reference to FIGS. 10(a)-10(b), a variation of
spiral extraction is illustrated where the tessellated triangles
in a spiral mask template are not isosceles, and a radial
layout is formed with a pair of adjacent sectors that are
interlaid as mirror-images of each other. An extraction mask
1000, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral that traverses
outwardly 1010 originating at the centroid 1015 of the object
of interest (see FIG. 10(2)). In addition, an extraction mask
1020, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral progression that
originates at any point on the boundary of the object of
interest (see FIG. 10(b)) and traverses inwardly 1030
towards the centroid 1025 of the object of interest.

[0154] With reference to FIGS. 11(@)-11(b), another varia-
tion of spiral extraction is illustrated where the triangular
wedges have varying angles, which do not always meet
edge-to-edge, to generate a asymmetrical tessellation. An
extraction mask 1100, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral that
traverses outwardly 1110 originating at the centroid 1115 of
the object of interest (see FIG. 11(a)). In addition, an
extraction mask 1120, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral
progression that originates at any point on the boundary of
the object of interest (see FIG. 11(b)) and traverses inwardly
1130 towards the centroid 1125 of the object of interest.

[0155] With reference to FIGS. 12(a)-12(b), another
embodiment of spiral extraction is illustrated where the
tiling of 1x2 right triangles is not edge-to-edge (as compared
to FIG. 11(@)) or made of equal sectors (as shown in FIG.
10(a)). An extraction mask 1200, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral that traverses outwardly 1210 originating at the
centroid 1215 of the object of interest (see FIG. 12(a)). In
addition, an extraction mask 1220, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral progression that originates at any point on the
boundary of the object of interest (see FIG. 12(b)) and
traverses inwardly 1230 towards the centroid 1225 of the
object of interest.

[0156] With reference to FIGS. 13(4)-13(b), in some
embodiments, the spiral extraction uses joining or modify-
ing triangles which form rhombuses with radial tessella-
tions. An extraction mask 1300, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral that traverses outwardly 1310 originating at the
centroid 1315 of the object of interest (see FIG. 13(a)). In
addition, an extraction mask 1320, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral progression that originates at any point on the
boundary of the object of interest (see FIG. 13(b)) and
traverses inwardly 1330 towards the centroid 1325 of the
object of interest.
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[0157] With reference to FIGS. 14(a)-14(b), a spiral
extraction is illustrated that incorporates spiral tiling. This
embodiment incorporates radial triangular tessellations with
an even number of sectors that are bisected by straight lines.
An extraction mask 1400, overlaid on object of interest 910
(and interposed on grid 900), is derived from a radial spiral
that traverses outwardly 1410 originating at the centroid
1415 of the object of interest (see FIG. 14(a)). In addition,
an extraction mask 1420, overlaid on object of interest 910
(and interposed on grid 900), is derived from a radial spiral
progression that originates at any point on the boundary of
the object of interest (see FIG. 14(b)) and traverses inwardly
1430 towards the centroid 1425 of the object of interest.

[0158] With reference to FIGS. 15(a)-15(b), another varia-
tion of a spiral extraction that utilizes spiral tiling is pictured.
In this arrangement, two halves of a radial tiling on straight
lines generate the spiral tiling. This form results in an offset
among two sectors of identically-oriented triangles and
creates a continuous “lane” of triangles. An extraction mask
1500, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral that traverses
outwardly 1510 originating at the centroid 1515 of the object
of interest (see FIG. 15()). In addition, an extraction mask
1520, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral progression that
originates at any point on the boundary of the object of
interest (see FIG. 15(b)) and traverses inwardly 1530
towards the centroid 1525 of the object of interest.

[0159] With reference to FIGS. 16(a)-16(b), an embodi-
ment is disclosed where the tiling is offset by two cells
where the lane of sectored triangles is wider than the
previous embodiments. This type of tiling is useful for spots
that exhibit local photobleaching artifacts and irregular
probe distribution as they cannot be eliminated from the
output pattern. If the artifacts are removed two other sectors
of identically-oriented triangles are juxtaposed to create a
new lane with different orientation. An extraction mask
1600, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral that traverses
outwardly 1610 originating at the centroid 1615 of the object
of interest (see FIG. 16()). In addition, an extraction mask
1620, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral progression that
originates at any point on the boundary of the object of
interest (see FIG. 16(b)) and traverses inwardly 1630
towards the centroid 1625 of the object of interest.

[0160] The extraction tilings discussed below with regard
to FIGS. 17-28 are applicable to segmented core geometries
that exhibit local morphological artifacts resulting from
substrate imperfections, hybridization assay induced degra-
dation or hybridization biasing effects due to environmental
conditions (with respect to microarray output patterns).
These tilings are particularly applicable as an extraction step
for cores that are computationally resampled to a 10-fold-
1000-fold higher spatial resolution (as discussed below).
These tilings help suppress intraspot artifacts that are ampli-
fied due to the scaling process in the synthetic resampling.

[0161] With reference to FIGS. 17(a)-17(b), an embodi-
ment is shown with spiral tilings of non-isosceles triangle
tiles. An extraction mask 1700, overlaid on object of interest
910 (and interposed on grid 900), is derived from a radial
spiral that traverses outwardly 1710 originating at the cen-
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troid 1715 of the object of interest (see FIG. 17(a)). In
addition, an extraction mask 1720, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral progression that originates at any point on the
boundary of the object of interest (see FIG. 17(b)) and
traverses inwardly 1730 towards the centroid 1725 of the
object of interest.

[0162] With reference to FIGS. 18(a)-18(b), an embodi-
ment is disclosed where two triangular halves are offset to
obtain a spiral tiling with kinked spirals. An extraction mask
1800, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral that traverses
outwardly 1810 originating at the centroid 1815 of the object
of interest (see FIG. 18()). In addition, an extraction mask
1820, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral progression that
originates at any point on the boundary of the object of
interest (see FIG. 18(b)) and traverses inwardly 1830
towards the centroid 1825 of the object of interest.

[0163] With reference to FIGS. 19(a)-19(b), an embodi-
ment is disclosed where the tiling is offset by two cells. An
extraction mask 1900, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral that
traverses outwardly 1910 originating at the centroid 1915 of
the object of interest (see FIG. 19(a)). In addition, an
extraction mask 1920, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral
progression that originates at any point on the boundary of
the object of interest (see FIG. 19(b)) and traverses inwardly
1230 towards the centroid 1925 of the object of interest.

[0164] With reference to FIGS. 20(a)-20(b), an embodi-
ment is disclosed where spiral tilings are formed from other
radial tessellations with an even number of sectors. This
embodiment commences with a rhomboidal tiling. An
extraction mask 2000, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral that
traverses outwardly 2010 originating at the centroid 2015 of
the object of interest (see FIG. 20(a)). In addition, an
extraction mask 2020, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral
progression that originates at any point on the boundary of
the object of interest (see FIG. 20(b)) and traverses inwardly
2030 towards the centroid 2025 of the object of interest.

[0165] With reference to FIGS. 21(a)-21(b), an embodi-
ment is disclosed where two halves of a rhombus tiling are
offset to obtain a spiral tiling. With this arrangement, the
offset tilings juxtapose two sectors of identically-oriented
rhombuses to creates a continuous “lane”. An extraction
mask 2100, overlaid on object of interest 910 (and inter-
posed on grid 900), is derived from a radial spiral that
traverses outwardly 2110 originating at the centroid 2115 of
the object of interest (see FIG. 21(a)). In addition, an
extraction mask 2120, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral
progression that originates at any point on the boundary of
the object of interest (see FIG. 21(b)) and traverses inwardly
2130 towards the centroid 2125 of the object of interest.

[0166] With reference to FIGS. 22(a)-22(b), an embodi-
ment is disclosed with a tessellation comprised of deformed
45 degree triangles. As all the angles are 45 or 90 degrees,
this tiling is especially well suited for segmented core with
significant discontinuities. In this arrangement, the two
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alternating pairs of tiles are mirror images of interlaced
pairs. An extraction mask 2200, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral that traverses outwardly 2210 originating at the
centroid 2215 of the object of interest (see FIG. 22(a)). In
addition, an extraction mask 2220, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral progression that originates at any point on the
boundary of the object of interest (see FIG. 22(b)) and
traverses inwardly 2230 towards the centroid 2225 of the
object of interest.

[0167] With reference to FIGS. 23(2)-23(b), an embodi-
ment is shown which is a variation of the embodiment of
FIGS. 22(a)-22(b) except that the tiling has been offset by
one tile. An extraction mask 2300, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral that traverses outwardly 2010 originating at the
centroid 2315 of the object of interest (see FIG. 23(a)). In
addition, an extraction mask 2320, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral progression that originates at any point on the
boundary of the object of interest (see FIG. 23(b)) and
traverses inwardly 2330 towards the centroid 2325 of the
object of interest.

[0168] With reference to FIGS. 24(a)-24(b), an embodi-
ment is disclosed where the tiling has been offset by two tiles
to generate a “lane™ of identically oriented tiles appears. An
extraction mask 2400, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral that
traverses outwardly 2410 originating at the centroid 2415 of
the object of interest (see FIG. 24(a)). In addition, an
extraction mask 2420, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral
progression that originates at any point on the boundary of
the object of interest (see FIG. 24(b)) and traverses inwardly
2430 towards the centroid 2425 of the object of interest.

[0169] With reference to FIGS. 25(a)-25(b), an embodi-
ment is disclosed with tiling analogous to the one shown in
FIGS. 24(a)-24(b) except the tiles are based on 30-degree
triangles. An extraction mask 2500, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral that traverses outwardly 2510 originating at the
centroid 2515 of the object of interest (see FIG. 25(a)). In
addition, an extraction mask 2520, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral progression that originates at any point on the
boundary of the object of interest (see FIG. 25(b)) and
traverses inwardly 2530 towards the centroid 2525 of the
object of interest.

[0170] With reference to FIGS. 26(a)-26(b), an embodi-
ment is disclosed where the tiling of FIGS. 25(a)-25(b) has
been offset by one tile. An extraction mask 2600, overlaid on
object of interest 910 (and interposed on grid 900), is
derived from a radial spiral that traverses outwardly 2610
originating at the centroid 2615 of the object of interest (see
FIG. 26(@)). In addition, an extraction mask 2620, overlaid
on object of interest 910 (and interposed on grid 900), is
derived from a radial spiral progression that originates at any
point on the boundary of the object of interest (see FIG.
26(b)) and traverses inwardly 2630 towards the centroid
2625 of the object of interest.

[0171] With reference to FIGS. 27(a)-27(b), an embodi-
ment is disclosed where the tiling of FIGS. 26(a)-26(b) has
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been offset by two tiles. An extraction mask 2700, overlaid
on object of interest 910 (and interposed on grid 900), is
derived from a radial spiral that traverses outwardly 2710
originating at the centroid 2715 of the object of interest (see
FIG. 27(a)). In addition, an extraction mask 2720, overlaid
on object of interest 910 (and interposed on grid 900), is
derived from a radial spiral progression that originates at any
point on the boundary of the object of interest (see FIG.
27(b)) and traverses inwardly 2030 towards the centroid
2025 of the object of interest.

[0172] With reference to FIGS. 28(a)-28(c), embodiments
are illustrated that use a Voderberg spiral extraction tiling
technique for segmented core extraction. The unit tile, as
shown in FIG. 28(a) is a bent enneagon. All lettered edges
are equal in length. As two tiles fit together with two-fold
symmetry, AB is parallel to EF, and DE is parallel to BC.
Like most radial tiles, this arrangement can also be derived
by deforming a triangle, in this case an isosceles 12-degree
triangle. With reference to FIGS. 28(b)-28(c), an embodi-
ment is disclosed where a Voderberg tile is used to construct
a simple radial tiling. An extraction mask 2840, overlaid on
object of interest 910 (and interposed on grid 900), is
derived from a radial spiral that traverses outwardly 2850
originating at the centroid 2845 of the object of interest (see
FIG. 28(b)). In addition, an extraction mask 2860, overlaid
on object of interest 910 (and interposed on grid 900), is
derived from a radial spiral progression that originates at any
point on the boundary of the object of interest (see FIG.
28(c)) and traverses inwardly 2870 towards the centroid
2865 of the object of interest.

[0173] With reference to FIGS. 29(a)-29(b), an embodi-
ment is shown which uses another variation of spiral Voder-
berg tilings. The pixellated hooks in the tiles enhance the
spiral appearance and the small apical angle of the tiles
makes for very smooth curves. This construct can be used to
extract and preserve complex polygonal artifacts within
segmented core or extracted and computational resampled
cores. An extraction mask 2900, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral that traverses outwardly 2910 originating at the
centroid 2915 of the object of interest (see FIG. 29(a)). In
addition, an extraction mask 2920, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral progression that originates at any point on the
boundary of the object of interest (see FIG. 29()) and
traverses inwardly 2930 towards the centroid 2925 of the
object of interest.

[0174] With reference to FIGS. 30(a)-30(b), a spiral
extraction utilizing a bent wedge tiling is illustrated. This
spiral extraction technique comprises an isosceles 15-degree
triangle distorted into a curved enneagon. The apical angle
is 15 degrees, the three successive angles on each side are
165 degrees, and the two end angles are 60 and 105 degrees.
The 165 degree angles are also the interior angles of a
24-gon, meaning the intraspot tiles can fit together in a
myriad of ways. As seen here, the tiles can form a simple
radial pattern. As the tiles can curve in either direction
within each annulus, this arrangement permits an infinite
number of tilings. An extraction mask 3000, overlaid on
object of interest 910 (and interposed on grid 900), is
derived from a radial spiral that traverses outwardly 3010
originating at the centroid 3015 of the object of interest (see
FIG. 30(2)). In addition, an extraction mask 3020, overlaid
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on object of interest 910 (and interposed on grid 900), is
derived from a radial spiral progression that originates at any
point on the boundary of the object of interest (see FIG.
30(b)) and traverses inwardly 3030 towards the centroid
3025 of the object of interest.

[0175] With reference to FIGS. 31(2)-31(b), an embodi-
ment is disclosed where the bent-wedge tiling described
above is offset in a variety of ways to create extraction
spirals. In addition to the familiar ways of creating spirals,
here, a 90-degree sector has been offset to make a spiral. An
extraction mask 3100, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral that
traverses outwardly 3110 originating at the centroid 3115 of
the object of interest (see FIG. 31(@)). In addition, an
extraction mask 3120, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral
progression that originates at any point on the boundary of
the object of interest (see FIG. 30(b)) and traverses inwardly
3130 towards the centroid 3125 of the object of interest.

[0176] With reference to FIGS. 32(a)-32(b), an extraction
mask 3200, overlaid on object of interest 910 (and inter-
posed on grid 900), is derived from a radial spiral that
traverses outwardly 3210 originating at the centroid 3215 of
the object of interest (see FIG. 32(@)). In addition, an
extraction mask 3220, overlaid on object of interest 910 (and
interposed on grid 900), is derived from a radial spiral
progression that originates at any point on the boundary of
the object of interest (see FIG. 32(b)) and traverses inwardly
3230 towards the centroid 3225 of the object of interest.

[0177] With reference to FIGS. 33(2)-33(b), an embodi-
ment of an offset variation of the Hirschorn tiling of FIGS.
32(a)-32(b) is disclosed. An extraction mask 3300, overlaid
on object of interest 910 (and interposed on grid 900), is
derived from a radial spiral that traverses outwardly 3310
originating at the centroid 3315 of the object of interest (see
FIG. 33(@)). In addition, an extraction mask 3320, overlaid
on object of interest 910 (and interposed on grid 900), is
derived from a radial spiral progression that originates at any
point on the boundary of the object of interest (see FIG.
33(b)) and traverses inwardly 3330 towards the centroid
3325 of the object of interest.

[0178] With reference to FIGS. 34(a)-34(b), an embodi-
ment is disclosed where the handedness of the central rosette
and the next annulus of the tiling have been reversed and the
radial angle is biased in the clockwise direction compared to
the embodiment of FIGS. 33(a)-33(b). An extraction mask
3400, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral that traverses
outwardly 3410 originating at the centroid 3415 of the object
of interest (see FIG. 34()). In addition, an extraction mask
3420, overlaid on object of interest 910 (and interposed on
grid 900), is derived from a radial spiral progression that
originates at any point on the boundary of the object of
interest (see FIG. 34(b)) and traverses inwardly 3430
towards the centroid 3425 of the object of interest.

[0179] With reference to FIGS. 35(a)-35(b), a spiral
extraction utilizing Hirschom tiling is disclosed. This tiling
consists of equilateral pentagons. In order, the vertex angles
are 60, 160, 80, 100 and 140 degrees. The pentagon can be
considered an equilateral triangle attached to a rhombus with
80-degree acute angles. Beyond the initial rosette, the tiling
consists of radial sectors made up of pairs of mirror-image
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pentagons. The pairs stack in the usual triangular stacking
pattern. An extraction mask 3500, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral that traverses outwardly 3010 originating at the
centroid 3515 of the object of interest (see FIG. 35(a)). In
addition, an extraction mask 3520, overlaid on object of
interest 910 (and interposed on grid 900), is derived from a
radial spiral progression that originates at any point on the
boundary of the object of interest (see FIG. 35(b)) and
traverses inwardly 3530 towards the centroid 3525 of the
object of interest.

[0180] With reference to FIGS. 36(2)-36(b), an embodi-
ment is disclosed where the handedness of the central rosette
and the next annulus of the tiling have been reversed as
compared to FIGS. 35(a)-35(b). An extraction mask 3600,
overlaid on object of interest 910 (and interposed on grid
900), is derived from a radial spiral that traverses outwardly
3010 originating at the centroid 3615 of the object of interest
(see FIG. 36(a)). In addition, an extraction mask 3620,
overlaid on object of interest 910 (and interposed on grid
900), is derived from a radial spiral progression that origi-
nates at any point on the boundary of the object of interest
(see FIG. 36(b)) and traverses inwardly 3630 towards the
centroid 3625 of the object of interest.

[0181] In some embodiments, the objects of interest are
distributed geometrically irregular on the array. With these
types of arrangements, the boundary of each object of
interest is identified and the extraction algorithm traverses
the object of interest in a spiral trajectory (outward loga-
rithmic spiral or inward). This results in a linear vector of
extracted pixels. As illustrated in FIGS. 8-36 above, cores
can be mapped to numerous types of spirals. Each of such
spirals has an equation driving its creation (in modeling).
The generator equation corresponding to a specific spiral
extraction type provides the trajectory to be traversed.
Traversing a spiral trajectory implies the process of com-
putationally traversing the pixels in the segmented object.

[0182] The following steps describe how a spiral extrac-
tion is configured to extract spatial intensity data from
objects of interests having varying geometric sizes and
distributed geometrically irregularly on the arrayed output
image.

[0183] The arc length s, or a spiral, can be described in
polar coordinates as

(05)% = (6r)? + P26 )%.

av1+b2
b

@ -1

s =

[0184] Depending upon the core size, one can calculate
the spiral extraction length size by solving the differential
equation, which results out of the relation y'=tan(b+F):
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[0185] Substituting y=x-z and rewriting in polar coordi-
nates gives the spiral’s extraction equation.

[0186] Outward spiral traversals are accomplished by set-
ting the segmented core centroid in center of the synthesis
region to serve as a “seed” pixel. The spiral traverses from
the centroid to segmented boundaries in an outward spiral
using the equations described above for a logarithmic spiral.

[0187] Inward spiral transversals are accomplished by
starting at the boundaries of the segmented core, traverse
from the boundaries to the centroid in an inward spiral using
the inverse spiral equations described above. Any point on
the boundary of the segmented core can be used as “seed”
pixel for the traversal. During extraction traversal, the
spatial vector of pixels, in the order, in which they are
traversed are copied to a linear array computer data struc-
ture.

[0188] The process of spiral extraction for outward radial
spiral traversals includes the steps of marking the object
centroid as the seed. Radially traversing outwards until all of
the segment boundary pixels have been traversed and their
outward neighboring pixels have also been traversed. Each
traversed pixel is marked as traversed and its address is
stored in a linear array along with the corresponding pixel
intensity. Centroid coordinates mark the first address in the
linear array data structure. This step ceases when the out-
ward traversal is completed.

[0189] The process of spiral extraction for inward radial
spiral traversal commences by marking the object centroid
as a termination point. Extraction starts at any segment
boundary pixel as the seed. The spiral traverses along the
circumference of the object of interest in the anticlockwise
or clockwise direction, until the entire object of interest is
engulfed. The inward traversal can now be initiated using
any segment pixel as the extraction seed. Once the extraction
seed pixel is chosen, the linear array provides the pre-stored
coordinates and spatial intensity corresponding to that pixel.
Once the seed pixel has been found, the entire array of pixels
down to the centroid, in the reverse order are stored within
a newly created linear vector that will contain the extracted
object of interest.

[0190] Similarly, for an outward radial spiral traversal, the
centroid for the object of interest is marked as the seed pixel.
The spiral radially traverses outwards until all the segment
boundary pixels have been traversed and the outwardly
adjacent pixels have also been traversed. Each traversed
pixel is marked as traversed and its address is stored in a
linear array along with the corresponding pixel intensity.
The centroid coordinates mark the first address in the linear
array data structure. The process ceases when the outward
traversal is completed.

[0191] In most embodiments, a gradient measurement is
utilized to determine how many pixels are required to
adequately characterize an object of interest within the
output pattern. A spatial gradient is computed in X and y
directions from the core centroid. The second derivative of
the spatial gradient is then computed to find hard disconti-
nuities and boundary of the core to define the pixels asso-
ciated with each core.

[0192] After the extraction of the pixels associated with an
object of interest is completed, the extracted pixels are then
transformed into the spectral domain to increase resolution.



US 2005/0105787 Al

In some embodiments, the step of transforming the extracted
pixels into the spectral domain commences with the step of
computationally re-sampling the extracted pixels to increase
the spatial resolution of the pixellated object. A two-dimen-
sional surface interpolating using a set of scattered spatial
data points is generated using either the method of Renka
and Cline or a modification of Shepard’s method.

[0193] Computational resealing provides increased spatial
resolution and fine-grained morphologically for images that
have limited dynamic range and/or high background noise.
Computational resealing amplifies morphological artifacts
thereby increasing opportunity for feature detection. This
provides an opportunity for ultra-sensitive hybridization
detection in genomic microarrays, when using very small
amounts of starting material.

[0194] In the exemplary embodiment, an interpolating
surface F(x, y) is constructed thromgh a set of m scattered
data points (x,, Y,, f,), forr=1, 2, .. ., m. Also, in the (X, y)
plane, the extracted pixels, corresponding to an object of
interest, must be distinct. The constructed surface is con-
tinuous and has continuous first derivatives. Synthetic resa-
mpling involves firstly creating a triangulation with all the
(x, y) data points as nodes, the triangulation being as nearly
equiangular as possible. Then gradients in the x- and y-di-
rections are estimated at node r, for r=1, 2, . . . , m, as the
partial derivatives of a quadratic function of x and y which
interpolates the data value f,, and which fits the data values
at nearby nodes (those within a fixed distance provided as an
input to the algorithm) in a weighted least-squares sense.
The weights are chosen such that closer nodes have more
influence than more distant nodes on derivative estimates at
node r.

[0195] The computed partial derivatives, with the f, val-
ues, at the three nodes of each triangle define a piecewise
polynomial surface of a certain form which is the interpolant
on that triangle. The interpolant F(x, y) can subsequently be
evaluated at n points (X, Vi), for k=1, 2, . . ., n, inside or
outside the domain of the data by points outside the domain
are evaluated by extrapolation.

[0196] An alternate technique that can be used for syn-
thetic resampling is based on modification of Shepard’s
method. The basic Shepard method, interpolates the input
data with the weighted mean. The basic method is global in
that the interpolated value at any point depends on all the
data. The method is made local by adjusting each w (X, y) to
be zero outside a circle with centre (X,, Y,) and some radius
R,,. Also, to improve the performance of the basic method,
each f, above is replaced by a function f,(x, y), which is a
quadratic fitted by weighted least-squares to data local to (x,,
Y,) and forced to interpolate (x,, y,, £,). In this context, a
point (x, y) is defined to be local to another point if it lies
within some distance R of it. Computation of this quadratic
constitutes the bulk of computational effort. If there are less
than 5 other points within distance R, from (x,, y,), the
quadratic is replaced by a linear function. In cases of
rank-deficiency, the minimum norm solution is computed.

[0197] The interpolant F(x, y) can subsequently be evalu-
ated at any point (X, y) inside or outside the domain of the
data. Points outside the domain are evaluated by extrapola-
tion. Traditionally this method has been used in adapting
grid size in adaptive finite element (FEM) analysis and
computer graphics. Use to microarray resampling is new.
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[0198] FIG. 37 illustrates an extraction of arrayed images
from serial dilution series using cDNA spotted microarray
hybridization experiments. The fluorescent RNA probe was
total mouse testis RNA, expected to hybridize to all spots
containing DNA. The exemplary Cy3 scan images represent
the results of 8 hybridizations varying from 100 ug to 1 ng
starting total RNA with the following concentrations: 100
ug, 50 ug, 25 ug, 10 ug, 1 ug, 100 ng, 10 ng, and 1 ng.
Specifically, mouse testis RNA labeled with both Cy3 and
Cy5 dyes was hybridized. The image quality is particularly
low and some of the spots have merged due to a contaminant
in the spotting buffer.

[0199] FIGS. 38-45 demonstrate the efficacy of synthetic
re-sampling and morphology preservation on an illustrative
spot based on application of Renka and Cline filter (RC)
under severe image quality degradation induced by lack of
labeled emitters in the diluted RNA samples.

[0200] FIG. 38 illustrates the effect of applying a 100x100
up-sample resolution RC. filter on extracted spot pixels 3820
within an output pattern 3810 at 100 ug starting RNA
concentration. The resolution of the extracted spot is
enhanced using a contrast filter as described above 3830.
The filtered extracted spot pixels are then filtered with an RC
filter to provide even greater resolution which may be
embodied in two or three dimensions, 3840, 3850. This
transformation preserves both the spot morphology, and also
systematically introduces micro-morphology artifacts and
fractal artifacts that enable downstream spot characteriza-
tion and elimination of false negatives and false positives.

[0201] FIG. 39 illustrates the effect of applying a 100x100
up-sample resolution RC filter on extracted spot pixels 3920
within an output pattern 3910 at 10 ug starting RNA con-
centration. The resolution of the extracted spot is enhanced
using a contrast filter as described above 3930. The filtered
extracted spot pixels are then filtered with an RC filter to
provide even greater resolution which may be embodied in
two or three dimensions, 3940, 3950.

[0202] FIG. 40 illustrates the effect of applying a 100x100
up-sample resolution RC filter on extracted spot pixels 4020
within an output pattern 4010 at 1 ug starting RNA concen-
tration. The resolution of the extracted spot is enhanced
using a contrast filter as described above 4030. The filtered
extracted spot pixels are then filtered with an RC filter to
provide even greater resolution which may be embodied in
two or three dimensions, 4040, 4050.

[0203] FIG. 41 illustrates the effect of applying a 100x100
up-sample resolution RC filter on extracted spot pixels 4120
within an output pattern 4110 at 100 ng starting RNA
concentration. The resolution of the extracted spot is
enhanced using a contrast filter as described above 4130.
The filtered extracted spot pixels are then filtered with an RC
filter to provide even greater resolution which may be
embodied in two or three dimensions, 4140, 4150.

[0204] FIG. 42 illustrates the effect of applying a 100x100
up-sample resolution RC filter on extracted spot pixels 4220
within an output pattern 4210 at 10 ng starting RNA con-
centration. The resolution of the extracted spot is enhanced
using a contrast filter as described above 4230. The filtered
extracted spot pixels are then filtered with an RC filter to
provide even greater resolution which may be embodied in
two or three dimensions, 4240, 4250.
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[0205] FIG. 43 illustrates the effect of applying a 100x100
up-sample resolution RC filter on extracted spot pixels 4320
within an output pattern 4310 at 1 ng starting RNA concen-
tration. The resolution of the extracted spot is enhanced
using a contrast filter as described above 4330. The filtered
extracted spot pixels are then filtered with an RC filter to
provide even greater resolution which may be embodied in
two or three dimensions, 4340, 4350.

[0206] As demonstrated, computational re-sampling
facilitates the preservation of feature consistency over a four
log dilution range down to 1 ng concentration level.

[0207] The next step transforms the extracted core pixels
into the spectral domain, using the Fast Fourier Transform
(FFT). In general the FFT provides the means of transform-
ing a signal defined in the time domain into one defined in
the frequency domain. Core extraction leads to a spatial
signal vector of length N. The transformed spectra are also
of length N. A length N sequence scan be denoted by x(n),
n=0, 1,2, ... N-1 where x(n) may be real (xeR™) or complex
(xeC™).

[0208] This is achieved as follows. Consider the core x as
a vector x in an N dimensional vector space. That is, each
extraction core x(n) is regarded as a coordinate in that space.
Also this spatial vector, denoted as x is mathematically a
single point in V-space represented by a list of coordinates
(Xo»> X1 Xa5 - - - » Xp.1)- It can be interpreted geometrically as
an arrow in N-space from the origin 040, 0, . . . 0) to the
point X4(Xg, X35 Xo5 - - - Xnq)-

[0209] We define the following as equivalent:

xhebx (A, Xy, - -

e X

s XN—1)é[X0> Xpp oo X1 B8 X0 Xy
[0210] where x 2x(n) is the nth sample of the spatial core
extraction X.

[0211] For purposes of exemplary embodiment consider
all extraction vectors to be of length N.

[0212] The current invention utilizes zero padding for
extraction cores with less than N components (say for small
spots). Zero padding consists of appending zeros to a signal.
It maps a length N signal to a length M>N signal, but M need
not be an integer multiple of N:

x(m), O=m=N-1

A
ZeroPadyy p(x) =
eroPady (%) {0, Nz=m=M-1

[0213] Forexample, ZERO PAD,([1, 2, 3, 4,5])=[1, 2, 3,
4,5,0,0,0,0,0]

[0214] The above definition is natural when x(n) repre-
sents a signal starting at time 0 and extending for N samples.
In general, consider a complex series x(k) with N samples of
the form

Xo» X1 Xp, X3+« « X v+« Xng

[0215] where x is a complex number

Xy =Xreart/ Ximag
[0216] Further, assume that that the series outside the
range 0, N-1 is extended N-periodic, that is, X, =%, for all
k. The FFT of this series will be denoted X(k), it will also
have N samples. The forward transform will be defined as
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N-1
Z (ke N forn=0 ... N-1
=

X(n) =

z| -

[0217] The Discrete Fourier Transform (DFT) of a signal
x may be defined by:

N-1
Xp(w) &Y xae i k=0,1,2, ... [ N-1

n=

[0218] where

N-1

FWEFO+ fD+. . +fNV -1

p=
Xp(5) 2 input signal amplitude (real or complex) at time z, (sec)
Iy 20T = nth sampling instant (sec)

nt sample number (integer)

Ta sampling period (sec)

Xp(wi) 2 Spectrum of x, (complex amplitude),

at radian frequency wy (rad/sec)

Wy 240 =kth frequency sample (rad/sec)

A

27
0 T © radian- frequency sampling interval (rad /sec)

5 S 1/T = sampling rate (samples/sec, or Hertz (Hz))

N = number of samples in both time and frequency (integer)

é means “is defined as” or “equals by definitiod”

[0219] DFT can be rewritten

N-1
X2 7 xme PN k=0, 1,2, ., N =1
1= .
x(n) = NZ X(k)eiN =0, 1,2, .., N=1
k=0

[0220] where x(n) denotes the input signal at time
(sample) n, and X(k) denotes the kth spectral sample.

[0221] This general definition above for a complex series
can be also defined for a real valued series. A real valued
series can be represented by setting the imaginary part to 0.
In general, the transform into the frequency domain will be
a complex valued function, that is, with magnitude and
phase.

5 - _ 05
magnitude= 1 X (1) I = (Xyeq * Xreat + Ximag * Ximag)
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-continued
X
phase = tan’l(ﬂ)
Xreal

[0222] The above equations are used for transforming a
spatial core to a spectral core.

[0223] The spectral core is further converted to a power
series representation using the Welch’s method. Welch’s
method (or the periodogram method) for estimating power
spectral density is carried out by dividing the time signal into
successive blocks, and averaging squared-magnitude DFTs
of the signal blocks. Let x;, denote the mth block of the
signal x, and let M denote the number of blocks. Then the
PSD estimate is given by

2
A

M-1

i)

m=0

R = DFT (%) | 241 %)% I}

[0224] The power spectral density representation R (k) is
used for characterizing and analyzing the extraction core.

[0225] 1In some embodiments, the current invention also
utilizes the step of convolving the extracted pixels with
discretized coefficients of a function (linear functions, non-
linear functions, canonical kernel functions.) In general, the
following relationships hold:

[0226] The Fourier transform is linear, that is

a floyb () - - -
>a X +b Yy

sa F(f+b G(f)
axgtby, - - -

[0227] Scaling relationship
fta) - - -
flat)--->F(fla)a

[0228] Shifting

>a Fla f)

flsay - - -

[0229] Modulation

>F(f)e-f 2 piaf

fHd2riat._5F(-a)

[0230] Also, the convolution operation between two spec-
tra x and y in C™ is denoted “x*y” and defined by

N-1

(), £ ) Xm)yin—m)

m=0

[0231] The basic concept is that a window of some finite
size and shape is scanned across the spectrally transformed
vector. The window with its weights is called the convolu-
tion kernel. If the filter h[j,k] is zero outside the (rectangular)
window {j=0, 1, . .., J-1; k=0, 1, . . . , K-1}, then the
convolution can be written as the following finite sum:

16
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L K-1
clm, n] = alm, n]l @h[m, n] = hlj, kla
=0 k=0

m—j.n-k]

[0232] The general steps for convolving the spectral core
with a convolution kernel are given by:

[0233] (2) Compute A(Q,¥)=F{a[m,n]}

[0234] (b) Multiply A(Q,¥) by the precomputed
(Q¥)=F{h[m,n]}

[0235] (c) Compute the result o[m,n]=F{A(Q,¥)*(Q,
W)}

[0236] where f, g, and h are arbitrary functions and a is a
constant. Convolution satisfies the properties

fre=g*f

g =) h

FH(g+)=(Fg)+(Fh)
[0237] The property, £*(g*h), of successive convolutions
is also denoted as a convolution cascade. In general, it can
be extended to k convolutions, f*(g*(h*(i* . .. (*k)))...)))
The above relationships are used to increase the spatial

resolution by convolution of the spectrally transformed
pixels within extraction core.

[0238] With reference to FIG. 44, a one dimensional plot
4400 of the spatial intensities of the pixels in the spirally
extracted core of an object of interest is illustrated. The
plotted one dimensional vector length corresponds to the
length of the spiral traversal starting at the spot centroid.
This plot is constructed by directly capturing the spot pixel
values copied to the extraction data structure.

[0239] FIG. 45 illustrates a one dimensional plot 4500 of
the spatial intensities of the pixels that are not in the spirally
extracted core from a segmented object of interest, but
instead correspond to the background. The plotted one
dimensional vector length corresponds to an arbitrary cho-
sen background section. The plot is constructed either by
continuing the spiral extraction for some j-progression
points once the object segmentation boundary has been
reached, or by starting the radial inward spiral extraction
some j-points outside the object segmentation.

[0240] FIG. 46 illustrates the power spectral density com-
puting by spectrally transforming the spirally extracted core
intensities in 4400 using FFT and then computing the power
distribution. For reference, the bipolar harmonic clusters in
the PSD correspond to the pixels associated with an object
of interest and its background. For a one dimensional FFT or
DFT spectral transformation, the number of PSD harmonics
corresponds to the length of total spiral extraction, which
may or may not include the background pixels.

[0241] FIG. 47 illustrates a one dimensional plot for
spatial pixel intensities corresponding to the two objects of
interest shown in FIG. 3, their background pixel intensities
and the PSD for the spirally extracted and transformed core.
Both the spots were extracted to the same core length in
4700.

[0242] FIG. 48 illustrates the results of a rectilinear
extraction for a gene that is represented by multiple probes
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or features and includes a computationally constructed
pixellated panel of the same gene obtained by deconstruct-
ing the features constructing to the gene from several
microarray experiments using a synthesized oligonucleotide
microarray platform 4810. The experiments present expres-
sions levels for the gene under varying serial dilutions. Each
gene is individually represented by 32 features. The panel
4820 shows the spatial distribution of intensities in the
extracting core using 16 of the features. Individual features
are regular in character and extracted using rectilinear
extracted by scanning along the rows in x-direction. The
panel is then spectrally transformed to PSD vectors for
further analysis. Both one dimensional and two dimensional
DFT provide comparable results in spectral regime.

[0243] FIG. 49 illustrates the results of rectilinear extrac-
tion for a gene that is represented by multiple probes or
feature and includes a computationally constructed pixel-
lated panel of the same gene obtained by deconstructing the
features constructing to the gene from several microarray
experiments using a synthesized oligonucleotide microarray
platform 4910. The experiments present expressions levels
for the gene under varying serial dilutions. Each gene is
individually represented by 32 features. The panel 4920
shows the spatial distribution of intensities in the extracting
core using 16 of the features. Individual features are regular
in character and extracted using rectilinear extracted by
scanning along the columns in y-direction, and then moving
to the next column to the right. The panel 4920 is then
spectrally transformed to PSD vectors for further analysis.
Both one dimensional and two dimensional DFTs provide
comparable results in spectral regime.

[0244] In the exemplary embodiment, the following
operations are utilized to enhance the spectral resolution of
extraction core. First, the spatial core of length N is parti-
tioned into M sub-cores of length J (where J<N). The
portioned cores may or may not be overlapping in the spatial
domain and the lengths of the sub-cores do not need to be
identical. Second, each spatial core of length J is then
transformed to a spectral core using FFT described above.
Third, the spectral cores of length J are then convolved with
1 discrete kernels where 1>0 with each of the sub-cores being
convolved with the same convolution kernel, or in the
alternative, each sub-core is convolved with a different
convolution kernel. The convolution cascades applied to
sub-cores can be of the form of: (i) a serial cascade: with
no-recombination of the convolution results; (ii) a parallel
cascade which comprises the recombination of the convo-
lution results in the spectral domain after 1 or more convo-
lutions; or (iii) a combination of serial and parallel Cascades
which comprises the application of series of convolutions,
followed by re-combinations, followed by further convolu-
tion cascades.
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[0245] The extracted pixels that have been transformed
into the spectral domain are useful as a stand-alone dataset
to characterize the analyzed array as extraneous information
not related to an object of interest has been removed through
the extraction process and the resolution of the extracted
pixels have been increased through spectral domain trans-
formation. In addition, the transformed extracted pixels may
also be useful for other applications including parameteriz-
ing a pre-determined dynamical system, parameterizing a
pre-determined distributed representation of a single canoni-
cal dynamical system.

[0246] In some embodiments, it may be desirable to
partition the extracted core of pixels if the spectral compo-
nents therein are from a polycyclostationary or a cyclosta-
tionary system which represented by k sinusoids. With
regard to FIG. 50, an embodiment is disclosed where the
extracted core pixels 5000, are re-sampled to enhance spatial
resolution 5010, and are then partitioned 5020 into k sub-
cores 5030. The representations for each of the subcores are
then transformed from an intensity representation to a spec-
tral representation 5040, and are then convolved with a
kernel 5050. The subcores are then added together to form
an aggregate spectral representation 5060 which is then used
to estimate the power spectral density representation.

[0247] The exemplary embodiments have been primarily
described with reference to diagrams illustrating pertinent
components of the embodiments. It should be appreciated
that not all components of a complete implementation of a
practical system are necessarily illustrated or described in
detail, nor are all of the varying component layout schema
described. Rather, only those components and architectures
necessary for a thorough understanding of the invention
have been illustrated and described in detail. Actual imple-
mentations may contain more components or, depending
upon the implementation, fewer components. Modifications
to the preferred embodiments will be apparent to those
skilled in the art. For example, the extraction and re-scaling
techniques described above which compensate for low SCR
or low SNR are applicable to processing a broad class of
spatial and spatio-temporal images. It will also be appreci-
ated that the extraction techniques and spectral transforma-
tion techniques described herein are independently useful
and need not be practiced together. Consequently, the scope
of the present invention should not be limited by the
particular embodiments discussed above, but should be
defined only by the claims set forth below and equivalents
thereof.

/I Copyright ViaLogy 2002. All Rights Reserved

// Software code for logarithmic spiral extraction of segmented feature data
#include “stdafx.h”

#include <math.h>

#include “SpiralSpot.h”

SpiralSpot::SpiralSpot( ) : m__gridState(NULL)

int i;

setGridMaxWidth(100);



US 2005/0105787 Al
18

-continued

for (i=0; i<m_ gridMaxWidth/2; i++)

genSpiral(i);
// for (i=0; i<m_ gridMaxWidth/2; i++)
I TRACE(“number of pixels = %d\n”, m_ pixelCount.GetAt(i) );
// for (i=0; i<m_ pixelCount.GetAt(4); i++)
/ TRACE(“(%d,%d)\n”, m__pixelList.GetAt(i).x, m_ pixelList.GetAt(i).y);

SpiralSpot::SpiralSpot(int maxRadius) : m_ gridState(NULL)

int i;
setGridMaxWidth(maxRadius*2);
for (i=0; i<m_ gridMaxWidth/2; i++)

genSpiral(i);
// for (i=0; i<m_ gridMaxWidth/2; i++)
I TRACE(“number of pixels = %d\n”, m_ pixelCount.GetAt(i) );
// for (i=0; i<m_ pixelCount.GetAt(4); i++)
/ TRACE(“(%d,%d)\n”, m__pixelList.GetAt(i).x, m_ pixelList.GetAt(i).y);

SpiralSpot::~SpiralSpot( )
clear( );
void SpiralSpot::clear( )

int i;
if (m_ gridState == NULL)
return;
for (i=0; i<m_ gridMaxWidth; i++)
delete [ ] m__gridState[i];
delete [ ] m__gridState;

void SpiralSpot::setGridMaxWidth(int maxWidth)

int ij;

clear( );

m__gridMaxWidth = maxWidth;

m__gridState = new bool*[m__gridMaxWidth];
for (i=0; i<m_ gridMaxWidth; i++)

m__gridState[i] = new bool[m_ gridMaxWidth];
for (j=0; j<m__gridMaxWidth; j++)
m_ gridState[i][j] = false;
¥

void SpiralSpot::genSpiral(int currR)

int X, y, R, i, startR=0;
bool done;
JTRACE(“m__curtR = %d\n”, m__currR);
// find largest diagonal entry; indicates largest embedded solid square as iteration start
point
for (i=0, done=false; i<m_ gridMaxWidth && !done; i++)
if (m__gridState[i+ m_ gridMaxWidth/2[[i+m__gridMaxWidth/2])
startR++;
else
done = true;
// startR = 0;
for (R=startR; R<=curtR; R++)

{
x =-R;
//TRACE(“R = %d\n”, R);

for (y=-R; y<=R; y++)
circularAccept(x,y,curtR);

y=R;

for (x=—R+1; x<=R; x++)
circularAccept(x,y,curtR);

x=R;

for (y=R-1; y>=-R; y—-)
circularAccept(x,y,curtR);

y=-R;

for (x=R-1; x> -R; x—-)
circularAccept(x,y,curtR);

m__pixelCount.Add(numPixels( ));

int SpiralSpot:numPixels( )
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int ij, cellCount=0;
for (i=0; i<m_ gridMaxWidth; i++)
for (j=0; j<m_ gridMaxWidth; j++)
if (m__gridState[i][j])
cellCount++;
return cellCount;

void SpiralSpot::circularAccept(int x, int y, int R)
int radSq;

CPoint pt;
radSq = X*x + y*y;

/ITRACE(“testing x=%d y = %d (radSq = %d while R*R = %d\n”, %, y, radSq, R);

if (radSq <= (R+0.25)*(R+0.25))

if (‘m__gridState[x + m_ gridMaxWidth/2][y + m_ gridMaxWidth/2])

m_ gridState[x + m_ gridMaxWidth/2]ly + m_ gridMaxWidth/2] = true;

ptx =x;
PLy =y
m__pixelList. Add(pt);

¥
RedrawWindow( );

if (m_currR < 3)
Sleep(100);
else if (m__curtR < 7)
Sleep(10);
i

int SpiralSpot:numPixels(float radius)

int iradius = int( ceil(radius)-1 );

if (iradius < O || iradius >= m__gridMaxWidth/2)
return —1;

else
return m__pixelCount.GetAt(iradius);

CPoint SpiralSpot::getPixel( )
{
if (m__currPixel >= m_ pixelCount.GetAt(m_ currR))
return CPoint(-1 ,-1);
m__currPixel++;
return m_ pixelList. GetAt(m_ currPixel-1);

bool SpiralSpot::donelterating( )
return m_ currPixel < m_ pixelCount.GetAt(m_ currR);
bool SpiralSpot::setRadius(float radius)

int iradius = int( ceil(radius)-1 );

if (iradius >= m_ gridMaxWidth/2)
return false;

m__currR = iradius;

m__currPixel = 0;

return true;

What is claimed is:

1. A method for characterizing information from a pixel-
lated output pattern of a microarray having one or more
objects of interest, comprising the steps of:

extracting pixels within the output pattern representative
of each object of interest using a technique chosen from
the group comprising: logarithmic spiral extraction,
rectilinear mask extraction, row-major extraction, and
column-major extraction; and

associating the extracted pixels with one or more objects
of interest

2. The method of claim 1, further comprising the step of:

transforming the intensity representation of the extracted

pixels to a spectral representation.

3. The method of claim 2 wherein the step of transforming
the intensity representations of the extracted pixels is depen-
dent upon the expected signal level for each object of
interest.

4. The method of claim 1 wherein the logarithmic spiral
uses a tessellated extraction mask.

5. The method of claim 4 wherein the tessellated extrac-
tion mask is a texture mask.
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6. The method of claim 5 wherein the texture mask is
chosen from the group comprising: Bernoulli spiral masks,
logistique masks, Hirschorn masks, Voderberg masks, bent-
wedge tile masks, kinked tile masks, rhomboidal tile masks,
triangular tile masks, equiangular spiral masks, symmetric
tessellation masks, asymmetric tessellation masks, spiral
mirabilis masks.

7. The method of claim 2 further comprising the step of
computationally re-scaling the extracted pixels to increase
spatial resolution of the extracted pixels prior to the step of
transformation the intensity representation.

8. The method of claim 7 wherein the step of computa-
tionally re-sampling the extracted pixels comprises the step
of convolving the extracted pixels with a kernel.

9. The method of claim 8 wherein the kernel is a dis-
cretized kernel.

10. The method of claim 7 wherein the step of wherein the
step of computationally re-sampling the extracted pixels
comprises the product of a scalar dot product with an affine
transformation, or a linear function.

11. The method of claim 9 wherein the discretized coef-
ficients of the function are chosen from the group compris-
ing: linear functions, non-linear functions, canonical kernel
functions.

12. The method of claim 7 wherein spatial resolution is
increased by convolution of the extracted pixels with a
canonical coefficient kernel that yields two or more modified
pixels for each extracted pixel.

13. The method of claim 7 wherein the computational
re-sampling of the extracted pixels utilizes a cascade of
computational convolutions with discretized canonical ker-
nel functions, with each successive convolution conducted
on the results of preceding convolution.

14. The method of claim 7 wherein the convolution
cascade is chosen from the group comprising: a serial
cascade, a parallel cascade, or a combination of a serial
cascade and a parallel cascade.

15. The method of claim 1 wherein the output pattern
comprises an array of spatially contiguous pixels and the
step of extracting spatial data elements further comprises the
step of determining which pixels are representative of each
object of interest.

16. The method of claim 1 wherein the output pattern
comprises an array of spatially contiguous pixels and the
step of extracting spatial data elements further comprises the
step of determining which pixels associated with a morpho-
logical representation represents an object of interest.

17. The method of claim 1 wherein the output pattern
comprises an array of spatially contiguous pixels and the
step of extracting spatial data elements further comprises the
step of determining which pixels associated with an object
of interest represent a morphological invariant.

18. The method of claim 15 wherein the step of deter-
mining which pixels are representative of each object of
interest is based on information-theory or an information
measure.

19. The method of claim 1 further comprising transform-
ing the domain of the extracted pixels from spatial intensity
to spatial frequency.

20. The method of claim 1 wherein the step of transform-
ing the intensity representation of the extracted pixels to a
spectral representation uses a Fourier transform.
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21. The method of claim 20 wherein the Fourier transform
is either a Fast Fourier Transform, or a Discrete Fourier
Transform.

22. The method of claim 20 further comprising the step of
partitioning a spectral vector representing the transformed
pixels into non-overlapping subvectors prior to convolving
with discretized coefficients of a function.

23. The method of claim 20 further comprising the step of
partitioning a spectral vector representing the transformed
pixels into overlapping spectral vectors prior to convolving
with discretized coefficients of a function.

24. The method of claim 1 further including the step of
decomposing the extracted pixels into a set of discrete
extracted objects, wherein each discrete extracted object is
transformed into a spectral representation.

25. The method of claim 20 further comprising the step of
estimating the power spectral density from the spectral
representation of the extracted pixels.

26. The method of claim 20 further comprising the step of
decomposing a spectrally transformed vector into subvec-
tors associated with an object of interest.

27. The method of claim 26 wherein each subvector is
convolved with a resolution enhancement kernel.

28. The method of claim 26 wherein the convolved
subvectors are computationally re-sampled.

29. The method of claim 28 further comprising the step of
combining  the  post-convolution  computationally
re-sampled transformed spectral subvectors to yield a single
spectral vector.

30. The method of claim 1 further comprising the step of
removing pixels that do not pertain to an object of interest
prior to the pixel extraction step.

31. The method of claim 1 further comprising utilizing a
logarithmic spiral to estimate a local background of an
object of interest.

32. The method of claim 1 wherein the microarray is
chosen from the group comprising: hybridized spotted
cDNA microarrays, synthesized oligonucleotide arrays,
spotted oligonucleotide arrays, peptide nucleotide assays,
single nucleotide polymorphism (SNP) arrays, carbohydrate
arrays, glycoprotein arrays, protein arrays, proteomic arrays,
tissue arrays, antibody arrays, antigen arrays, bioassays,
sequencing microarrays, sequencing by hybridization (SBH)
microarrays, siRNA duplexes, RNAi arrays glass-based
arrays, nylon membrane arrays, thin film arrays, polymer-
substrate arrays, capillary electrophoresis arrays, genospec-
tral arrays, electronic arrays, bead arrays, quantum dot
arrays, and gylcan arrays.

33. The method of claim 1 wherein the output pattern is
representative of an indicator chosen from the group com-
prising: fluorescence, chemiluminescence, biolumines-
cence, photoluminescence.

34. The method of claim 1 further comprising the step of
registering the pixels within the output pattern to approxi-
mate the location of the objects of interest.

35. The method of claim 1 further comprising the step of
adjusting the contrast of the output pattern.

36. The method of claim 35 wherein the contrast is
adjusted using a filter from the group comprising: Gabor
filters, low-pass band-pass filters, high-pass band-pass fil-
ters, edge detection operators, Laplacian filters, gradient-
focusing filters.
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37. The method of claim 1 further comprising the step of
segmenting the objects of interest within the output pattern
prior to the extraction step.

38. A computer code product, embodied on a computer-
readable media, that characterizes information from a pixel-
lated output pattern of microarray representing one or more
objects of interest, comprising:

computer code that extracts pixels within the output
pattern representative of each object of interest using a
technique chosen from the group comprising: logarith-
mic spiral extraction, rectilinear mask extraction, row-
major extraction, and column-major extraction; and

computer code that associates the extracted pixels with

one or more objects of interest.

39. A computer system for characterizing information
from a pixellated output pattern of a microarray representing
one or more objects of interest, comprising: a processor; and
a memory coupled to said processor, said memory encoding
one or more programs, said one or more programs causing
said processor to perform the following steps:

extracting pixels within the output pattern representative
of each object of interest using a technique chosen from
the group comprising: logarithmic spiral extraction,
rectilinear mask extraction, row-major extraction, and
column-major extraction; and

associating the extracted pixels with one or more objects
of interest
40. A system for analyzing an output pattern of an array
of detectors, each detector representing one or more objects
of interest, comprising:

means for extracting pixels within the output pattern
representative of each object of interest using a tech-
nique chosen from the group comprising: logarithmic
spiral extraction, rectilinear mask extraction, row-ma-
jor extraction, and column-major extraction; and

means associating the extracted pixels with one or more
objects of interest
41. A method for characterizing information from a pixel-
lated output pattern of a microarray having one or more
objects of interest, comprising the steps of:
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extracting pixels within the output pattern representative
of each object of interest;

utilizing a logarithmic spiral to estimate a local back-
ground of an object of interest; and

associating the extracted pixels with one or more objects

of interest.

42. A computer code product, embodied on a computer-
readable media, that characterizes information from a pixel-
lated output pattern of microarray representing one or more
objects of interest, comprising:

computer code that extracts pixels within the output
pattern representative of each object of interest;

computer code that utilizes a logarithmic spiral to esti-
mate a local background of an object of interest; and

computer code that associates the extracted pixels with

one or more objects of interest.

43. A computer system for characterizing information
from a pixellated output pattern of a microarray representing
one or more objects of interest, comprising: a processor; and
a memory coupled to said processor, said memory encoding
one or more programs, said one or more programs causing
said processor to perform the following steps:

extracting pixels within the output pattern representative
of each object of interest;

utilizing a logarithmic spiral to estimate a local back-
ground of an object of interest; and

associating the extracted pixels with one or more objects
of interest.
44. A system for analyzing an output pattern of an array
of detectors, each detector representing one or more objects
of interest, comprising:

means for extracting pixels within the output pattern
representative of each object of interest;

means for utilizing a logarithmic spiral to estimate a local
background of an object of interest; and

means for associating the extracted pixels with one or
more objects of interest.
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